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3-Amino-5,5-diphenylimidazolidine-2,4- 
dione 



Experimental 

Crystal data 

C15H13N3O2 
M, = 267.28 
Monoclinic, P2^/n 
a = 20.1565 (7) A 
b = 6.1651 (2) A 
c = 20.3250 (7) A 
= 97.781 (2)° 



V = 2502.47 (15) A" 
Z = 8 

Cu Ka radiation 

= 0.79 mm"' 
r = 100 K 

0.22 X 0.07 X 0.05 mm 
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Data collection 

Brukei D8 VENTURE PHOTON 
100 CMOS diffractometer 

Absorption correction: multi-scan 
(SADABS; Bruiser, 2012) 
= 0.84, r„ax = 0.96 

Refinement 

R[F^ > 2a(F^)] = 0.054 

wR(F^) = 0.111 

S = 1.08 

4560 reflections 



32772 measured reflections 
4560 independent reflections 
3185 reflections with / > 2cr(/) 
Ri„, = 0.105 



361 parameters 

H-atom parameters constrained 
Ap„ax = 0.22 e A"' 
Ap„i„ = -0.24 e A"' 



Key indicators: single-crystal X-ray study; T = 100 K; mean tr(C-C) = 0.004 A; 
R factor = 0.054; wR factor = 0.111; data-to-parameter ratio = 12.6. 

The title compound, C15H13N3O2, crystallizes with two 
independent molecules in the asymmetric unit, which differ 
considerably in the dihedral angles made between the phenyl 
groups and the five-membered rings [47.19 (8) and 61.16 (9)° 
in one molecule and 55.04 (10) and 55.00 (8)° in the other]. In 
the crystal, N— H- ■ -O hydrogen bonds generate columnar 
units having approximate fourfold rotational symmetry about 
axes parallel to b. 

Related literature 

For the biological properties of hydantoins, see: El-Deeb et al. 
(2010); Rajic et al. (2006); Carmi et al. (2006); Sergent et al. 
(2008). For the preparation of the title compound, see: Kiec- 
Kononowicz et al. (1984). For related crystal structures, see: 
Delgado et al. (2007); Roszak & Weaver (1998); Kashif et al. 
(2008); Coquerel et al. (1993); SethuSankar et al. (2002); 
Eknoian et al. (1999); Ciechanowicz-Rutkowska et al. (1994). 




t Additional correspondence author, e-mail: alaa_moenes@yahoo.com. 



Table 1 

Hydrogen-bond geometry (A, °). 



D-U-A 


D-H 


H - .4 


D-A 


D-U-A 


Nl-Hl-Ol' 


0.91 


1.92 


2.828 (3) 


177 


N3-H3/1-03 


0.91 


2.11 


2.957 (3) 


154 


N4-H4- ■ 04" 


0.91 


1.91 


2.820 (3) 


176 


N6-H6A- ■ 03' 


0.91 


2.58 


3.320 (3) 


139 


N6-H6B-02'" 


0.91 


2.46 


3.070 (3) 


124 


N6-H6B-N3'" 


0.91 


2.52 


3.363 (3) 


154 


Symmetry codes: (i) x, y - 


l-l.z;(ii).i 


, y — 1, z\ (iii) —X - 


\- 2. -y +l,-z- 





Data collection: APEX2 (Bruker, 2012); cell refinement: SAINT 
(Bruker, 2012); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
DIAMOND (Brandenburg & Putz, 2012); software used to prepare 
material for publication: SHELXTL (Sheldrick, 2008). 
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Supporting information for this paper is available from the lUCr 
electronic archives (Reference: SJ5389). 
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Acta Cryst. (2014). E70, o262-o263 [doi:10.1107/S1600536814002487] 

3-Ammo-5^5-dipheriylimidazolidine-2^4-dione 
Joel T. Mague^ Alaa A.-M. Abdel-Aziz and Adel S. El-Azab 

1 . Comment 

Hydantoins are an important class of compounds which have long attracted attention, owing to their remarkable 
biological and pharmacological properties. These include antitumor and antiviral activity, insulinotropic properties and 
use as EGFR inhibitors. (El-Deeb et al, 2010; Rajic et al, 2006; Carmi et al, 2006; Sergent et al, 2008). Of several 
structure determmations of hydantoms (Delgado et al, 2007; Kashif et al, 2008; Coquerel et al, 1993; SethuSankar et 
al, 2002; Ciechanowicz-Rutkowska et al, 1994; Roszak & Weaver, 1998; Eknoian et al, 1999), those m the last two 
reports bear the greatest similarity to the title compound. The title compound crystallizes with two independent molecules 
(A and B) in the asymmetric unit. The 5-membered ring in A is planar to within 0.032 A while that in B is planar to 
within 0.016 A. Molecules A and B differ most notably in the dihedral angles which the pendant phenyl rings make with 
the 5-membered ring. For molecule A the angles for C4/C5/C6/C7/C8/C9 and for C10/C11/C12/C13/C14/C15 are, 
respectively, 47.19 (8) and 61.16 (9)°. In molecule B the angles for C19/C20/C21/C22/C23/C24 and for 
C25/C26/C27/C28/C29/C30 are identical at 55.04 (10) and 55.00 (8)°, respectively. Both the imino and ammo groups 
participate in mtermolecular N — ^H— O hydrogen bonding which forms columns havmg approximate 4-fold rotational 
symmetry about axes parallel to b (Table 1 and Fig. 2). 

2. Experimental 

The title compound, 3-amino-5,5-diphenylimidazolidine-2,4-dione, was successfiiUy obtained by the reaction of 5,5-di- 
phenylhydantom and hydrazine hydrate following the published route (Kiec-Kononowicz et al, 1984). 

3. Refinement 

H-atoms attached to carbon were placed in calculated positions (C — H = 0.95 A) while those attached to nitrogen were 
placed in locations derived from a difference map and their coordinates adjusted to give N — H = 0.91 A. All were 
included as riding contributions with isotropic displacement parameters 1 .2 times those of the attached atoms. 

Computing details 

Data collection: APEX2 (Bruker, 2012); cell refinement: SAINT {Brvksv, 2012); data reduction: SAINT {Bmker, 2012); 
program(s) used to solve structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine structure: SHELXL97 
(Sheldrick, 2008); molecular graphics: DIAMOND (Brandenburg & Putz, 2012); software used to prepare material for 
pubHcation: SHELXTL (Sheldrick, 2008). 
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Figure 1 

Perspective view of the asymmetric unit showing the N — H - O hydrogen bond between molecules A and B as a dashed 
line. Displacement ellipsoids are drawn at the 50% probability level. 




Figure 2 

Packing diagram viewed perpendicular to (-1,6,-4) along with intermolecular N — H - 0 interactions shown as dotted 
lines. 
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3-Amino-5,5-diphenylimidazolidine-2,4-dione 



Crystal data 

C15H13N3O2 
M, = 267.28 
Monoclinic, P2xln 
a = 20.1565 (7) A 
Z> = 6.1651 (2) A 
c = 20.3250 (7) A 
y9 = 97.781 (2)° 
F= 2502.47 (15) A^ 

Data collection 

Bruker D8 VENTURE PHOTON 100 CMOS 

diffractometer 
Radiation source; INCOATEC I/iS micro-focus 

source 
Mirror monochromator 
Detector resolution: 10.4167 pixels mm ' 
CO scans 

Absorption correction: multi-scan 
(SADABS; Bruker, 2012) 

Refinement 

Refinement on 7^ 
Least-squares matrix: full 
R[F^ > 2(7(F)] = 0.054 
w«(F2) = 0.111 
1.08 

4560 reflections 
361 parameters 
0 restraints 

Primary atom site location: structure-invariant 
direct methods 



F(000)= 1120 

1.419 Mgm-3 
Cu Ka radiation, 1 = 1.54178 A 
Cell parameters from 9869 reflections 
6 = 2.9-68.2° 
lu = 0.79 mm-' 
T= 100 K 

Needle, clear colourless 
0.22 X 0.07 X 0.05 mm 



= 0.84, T^, = 0.96 
32772 measured reflections 
4560 independent reflections 
3185 reflections with I > 2a{I) 
i?i„, = 0.105 

^max = 68.4°, Otam = 2.9° 

h = -23^24 
I = -24^24 



Secondary atom site location: difference Fourier 

map 

Hydrogen site location: mixed 
H-atom parameters constrained 

w = l/[(7^(i^o') + (0.02 1P)2 + 2.7033/'] 

where P = {F„^ + 2F,^)/3 
(A/<t)^< 0.001 
Apm,. = 0.22 e A-3 
Ap^n = -0.24 e A-3 



Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal symmetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of 7^ against ALL reflections. The weighted /?-factor wR and goodness of fit S are based onF^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression of 7^ > a{F^) is used 
only for calculating 7?-factors(gt) etc. and is not relevant to the choice of refiections for refinement. 7?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. H-atoms 
attached to carbon were placed in calculated positions (C — H = 0.95 A) while those attached to nitrogen were placed in 
locations derived from a diflference map and their coordinates adjusted to give N — H = 0.91 A. All were included as 
riding contributions with isotropic displacement parameters 1.5 times those of the attached atoms. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 



X y Z t/iso*/^eq 

01 0.78438(9) 0.0796(3) 0.48058(9) 0.0231 (4) 

02 0.90255(9) 0.6421 (3) 0.40602(9) 0.0254(4) 
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Nl 


0.80979 (10) 


A An 

0.6347 (3) 


A A£L^f\^l /I A\ 

0.46106 (10) 


A AO A 1 /C\ 

0.0201 (5) 


XJ1 

HI 


A OA1 1 


0. / /85 


0.4o55 


A AO A * 

0.024^ 


N2 


A 0 C A 1 n / I A\ 
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0.3212 (3) 


0.43843 (10) 


A A 1 AO /C\ 

0.0198 (5) 




0. 90340 (11) 


0. 1 /94 (4) 


0.42044 (11) 


0.0255 (5) 




A AO A n 
0.9z4/ 


A 1 OAC 

0.1z05 


A A CO£L 

0.4586 


A AT 1 * 

0.031^ 




0.5534 


0.0767 


A 1 AO "? 

0.3923 


A AT 1 ^ 

0.031* 


CI 


0.77157 (13) 


A A 1 / A\ 

0.4751 (4) 


0.49361 (12) 


A A 1 OA /zr\ 

0.0189 (6) 


C2 


0.80z 10 (13) 


0.z65z (4) 


A A TAA A / 1 0\ 
0.4 /094 (12) 


A A 1 A /I 

0.0194 (6) 


C3 


0.86045 (13) 


0.5491 (4) 


A /I'JOA/I /10\ 

0.43294 (12) 
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0.0205 (6) 


C4 


0.69599 (13) 


A A mi i' A\ 

0.49z3 (4) 


A An ^ ^'J /io\ 
0.4/ 123 (12) 


A A 1 A 1 

0.0191 (6) 


C5 


0.65335 (13) 


0.3213 (5) 


A A01 ^ A 

0.48164 (13) 


A AOCC / /'\ 
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TTC 
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Atomic displacement parameters (A^) 
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0.0014(11) 


-0.0007(11) 


-0.0001 (11) 


C3 


0.0241 (15) 


0.0180 


(14) 


0.0198 


(13) 


0.0009 (12) 


0.0045 (12) 


0.0005 (11) 


C4 


0.0206 (14) 


0.0190 


(14) 


0.0183 


(13) 


0.0000(11) 


0.0052(11) 


-0.0046(11) 


C5 


0.0236 (15) 


0.0216 


(15) 


0.0328 


(16) 


-0.0013 (12) 


0.0088 (13) 


-0.0022 (12) 


C6 


0.0254 (16) 


0.0313 


(17) 


0.0346 


(17) 


-0.0070 (13) 


0.0057 (13) 


-0.0034 (13) 


C7 


0.0234(16) 


0.0431 


(19) 


0.0278 


(16) 


0.0010(14) 


0.0014(13) 


-0.0044 (14) 


C8 


0.0256(16) 


0.0341 


(17) 


0.0287 


(15) 


0.0066 (13) 


-0.0006 (13) 


0.0045 (13) 


C9 


0.0257 (15) 


0.0241 


(15) 


0.0239 


(14) 


-0.0011 (12) 


0.0026 (12) 


0.0022(11) 


CIO 


0.0153 (13) 


0.0207 


(14) 


0.0247 


(14) 


0.0014(11) 


0.0040(11) 


-0.0021 (11) 


Cll 


0.0267 (15) 


0.0204 


(15) 


0.0281 


(15) 


0.0003 (12) 


-0.0006 (13) 


0.0005 (12) 


C12 


0.0323 (17) 


0.0249 


(16) 


0.0331 


(16) 


0.0027(13) 


-0.0041 (14) 


-0.0077 (13) 


C13 


0.0242 (16) 


0.0375 


(18) 


0.0254 


(15) 


0.0082 (13) 


-0.0001 (12) 


-0.0067 (13) 


C14 


0.0291 (16) 


0.0319 


(17) 


0.0282 


(15) 


0.0054 (13) 


0.0101 (13) 


0.0050 (13) 


C15 


0.0283 (16) 


0.0215 


(15) 


0.0292 


(15) 


0.0014 (12) 


0.0088 (13) 


0.0004 (12) 


03 


0.0360(12) 


0.0214 


(10) 


0.0247 


(10) 


-0.0002 (9) 


-0.0018 (9) 


-0.0042 (8) 


04 


0.0294(11) 


0.0136 


(10) 


0.0275 


(10) 


-0.0019 (8) 


0.0035 (8) 


-0.0010 (8) 


N4 


0.0302 (13) 


0.0122 


(11) 


0.0214 


(12) 


-0.0008 (10) 


-0.0024 (10) 


0.0014 (9) 


N5 


0.0217 (12) 


0.0153 


(11) 


0.0219 


(11) 


0.0006 (9) 


0.0040 (10) 


0.0016 (9) 


N6 


0.0259(13) 


0.0206 


(12) 


0.0254 


(12) 


0.0031 (10) 


0.0040(10) 


0.0070(10) 


C16 


0.0246(15) 


0.0122 


(13) 


0.0226 


(13) 


-0.0020(11) 


0.0017(11) 


-0.0024(11) 


C17 


0.0150(13) 


0.0187 


(14) 


0.0208 


(13) 


0.0000(11) 


0.0036(11) 


-0.0008(11) 


C18 


0.0194(14) 


0.0177 


(14) 


0.0244 


(14) 


-0.0005 (11) 


0.0014(12) 


-0.0004(11) 


C19 


0.0224 (14) 


0.0196 


(14) 


0.0171 


(13) 


0.0010(11) 


0.0045 (11) 


0.0010(11) 


C20 


0.0256(16) 


0.0180 


(15) 


0.0361 


(16) 


-0.0013 (12) 


0.0060 (13) 


-0.0017 (12) 


C21 


0.0273 (16) 


0.0201 


(15) 


0.0444 


(18) 


0.0040 (12) 


0.0074 (14) 


0.0044 (13) 
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U.Uzj4 yVj) 


U.U33i (1 /J 


n nTTT /I c\ 
U.Uz / / (1 j) 


n nno /i lA 
U.UUzo (ij) 


A AAAA ^^ '2^ 
U.UUUy (13J 


A AA^ 1 /I 0\ 

U.UUjI (Iz) 




U.Ozoz (lo) 


u.uzyo (1 /) 


n ni 11 /I ^\ 
U.Oiii (io) 


n Anon /i i\ 

—yj.yjyjZyj (13) 


A AAA^C /I 1\ 

— U.UOUo (13) 


— O.UUd3 (13) 






n no 1 /i /I c\ 
U.Uzi4 (ijj 


n nin/T /i c\ 
U.UjUo (1 


A AAI C /I 0\ 


A AAI A /l '2\ 
— U.UUlU (13) 


A AA/i A / 1 0\ 

— u.uu4y (iz) 






U.WZ 1 o ^^IH-J 




\J.\j\J\jO \^ ^ ) 






C16 


0.0273 (16) 


0.0259 (15) 


0.0259 (15) 


0.0023 (13) 


0.0025 (12) 


0.0013 (12) 


C27 


0.0294(17) 


0.0413 (19) 


0.0266 (15) 


0.0058 (14) 


0.0064 (13) 


0.0005 (13) 


C28 


0.0249(16) 


0.055 (2) 


0.0269 (16) 


0.0029 (15) 


0.0056(13) 


0.0110(15) 


C29 


0.0253 (16) 


0.0420 (19) 


0.0357 (17) 


-0.0092 (14) 


-0.0004 (14) 


0.0117(15) 


C30 


0.0225 (15) 


0.0284 (16) 


0.0284 (15) 


-0.0046 (12) 


0.0001 (12) 


0.0059 (12) 



Geometric parameters (A, °) 



Ol— C2 


1.226 (3) 


03— C18 


1.218(3) 


02— C3 


1.214(3) 


04— C17 


1.222 (3) 


Nl— C3 


1.344 (3) 


N4— C18 


1.342 (3) 


Nl— CI 


1.462 (3) 


N4— C16 


1.463 (3) 


Nl— HI 


0.9100 


N4— H4 


0.9100 


N2— C2 


1.347 (3) 


N5— C17 


1.350 (3) 


N2— N3 


1.408 (3) 


N5— N6 


1.410(3) 


N2— C3 


1.417 (3) 


N5— C18 


1.410 (3) 


N3— H3A 


0.9100 


N6— H6A 


0.9101 


N3— H3B 


0.9100 


N6— H6B 


0.9099 


CI— C4 


1.533 (4) 


C16— C17 


1.532 (3) 


CI— C2 


1.536 (3) 


C16— C25 


1.536 (3) 


CI— CIO 


1.543 (3) 


C16— C19 


1.537 (4) 


C4— C9 


1.386 (4) 


C19— C20 


1.388 (4) 


C4— C5 


1.394 (4) 


C19— C24 


1.392 (4) 


C5— C6 


1.379 (4) 


C20— C21 


1.389 (4) 


C5— H5 


0.9500 


C20— H20 


0.9500 


C6— C7 


1.386 (4) 


C21— C22 


1.371 (4) 


C6 — H6C 


0.9500 


C21 — H21 


0.9500 


C7— C8 


1.379 (4) 


C22— C23 


1.385 (4) 


C7— H7 


0.9500 


C22— H22 


0.9500 


C8— C9 


1.385 (4) 


C23— C24 


1.383 (4) 


C8— H8 


0.9500 


C23— H23 


0.9500 


C9— H9 


0.9500 


C24— H24 


0.9500 


CIO— C15 


1.388 (4) 


C25— C26 


1.392 (4) 


CIO— Cll 


1.398 (4) 


C25— C30 


1.392 (4) 


Cll— C12 


1.384 (4) 


C26— C27 


1.392 (4) 


Cll— Hll 


0.9500 


C26— H26 


0.9500 


C12— C13 


1.379 (4) 


C27— C28 


1.382 (4) 


C12— H12 


0.9500 


C27— H27 


0.9500 


C13— C14 


1.378 (4) 


C28— C29 


1.386 (4) 


C13— H13 


0.9500 


C28— H28 


0.9500 


C14— C15 


1.392 (4) 


C29— C30 


1.391 (4) 


C14— H14 


0.9500 


C29— H29 


0.9500 


C15— H15 


0.9500 


C30— H30 


0.9500 


C3— Nl— CI 


113.9(2) 


C18— N4— C16 


114.2(2) 


C3— Nl— HI 


126.1 


C18— N4— H4 


122.6 
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/—I 1 XT 1 T T 1 

CI — Nl — HI 


119.5 


C2 — ^N2 — ^N3 


125.8 (2) 


C2 — ^N2 — C3 


1 1 1 

112.1 (2) 


XT1 xy^ f^'^ 

N3 — ^N2 — C3 


1 1 A /'*>\ 

121.4 (2) 


Xy^ XTO TTO A 

N2 — N3 — H3A 


107.0 


XT'^ XTO TTTT* 

N2 — N3 — H3B 


109.0 


TTT A XT1 TT'>'r> 

H3A — ^N3 — H3B 


1 1 '*\ 1 

112.1 


XT 1 /" 1 A 

Nl — CI — C4 


112.5 (2) 


XT 1 1 /^'^ 

Nl — CI — Cz 


C\C\ HA /I n\ 

99.74 (19) 


C4 — CI — C2 


113.6 (2) 


XT1 f^t /~1 1 A 

Nl — CI — CIO 


111 O 

111.8 (2) 


C4 — CI — CIO 


109.8 (2) 


C2 — CI — CIO 


1 f\C\ 'I /'^\ 

109.2 (2) 


/"l'^ XT*^ 

Ol — C2 — N2 


125.9 (2) 


Ol — C2 — CI 


126A (2) 


XT'^ f^'^ 1 

N2 — C2 — CI 


107.7 (2) 


02 — C3 — N 1 


128.0 (2) 


/~\^ /"^■^ XT'^ 

02 — C3 — ^N2 


125.4 (2) 


Nl — C3 — ^N2 


105.9 (2) 


C9 — C4 — C5 


118.6 (3) 


C9 — C4 — CI 


120.6 (2) 


C5 — C4 — CI 


120.7 (2) 


Co — C5 — C4 


120.3 (3) 


C6 — C5 — ^H5 


119.8 


C4 — C5 — H5 


1 1 A O 

119.8 


C5 — C6 — C7 


120.8 (3) 


C5 — C6 — H6C 


119.6 


C7 — Co — H6C 


119.6 


C8 — C7 — Co 


1 1 A 1 /">\ 

119.1 (3) 


C8 — C7 — H7 


120.5 


Co — C7 — H7 


120.5 


/"n /~io 

C7 — C8 — C9 


120.5 (3) 


/~^0 TTO 

C7 — Co — H8 


lino 

119.8 


C9 — C8 — H8 


119.8 


C8 — C9 — C4 


120.7 (3) 


/~<0 TTA 

C8 — C9 — H9 


1 1 A T 

119.7 


C4 — C9 — H9 


119.7 


C15 — CIO — Cll 


118.4 (2) 


C15 — CIO — CI 


121.9 (2) 


Cll — CIO — CI 


1 1 A ^7 /'^\ 

119.7 (2) 


C12 — Cll — CIO 


120.4 (3) 


C12 — Cll — ^Hll 


119.8 


CIO — Cll — ^Hll 


119.8 


C13— C12— Cll 


120.9 (3) 


C13— C12— H12 


119.5 


Cll— C12— H12 


119.5 


C14— C13— C12 


119.0 (3) 


C14— C13— H13 


120.5 


C12— C13— H13 


120.5 



I/' XT/1 TT A 

C16 — N4 — H4 


121.8 


/~1 1 ^ XT^ XT^ 

C17 — ^N5 — ^N6 


125.7 (2) 


/■^IT XT^ /~< 1 O 

C17 — ^N5 — C18 


111.8 (2) 


XTZ" XT^ 1 O 

N6 — ^N5 — CI 8 


121.5 (2) 


XTC XT/' TT/' A 

N5 — N6 — H6A 


108.6 


XTC XTy' TT/'T^ 

N5 — N6 — H6B 


104.8 


TTZ" A XTit" TTZ'T^ 

H6A — No — HoB 


106.7 


N4 — C 1 6 — C 1 7 


A A /I ^7 /I A\ 

99.47 (19) 


XT/I 1 /T /~"^ C 

N4 — C 1 6 — Cz5 


112.2 (2) 


C17 — CI 6 — C25 


111.1 (2) 


N4 — C16 — C19 


112.2 (2) 


C17 — C16 — C19 


111.2 (2) 


i^lC /^1A 

C25 — C 1 6 — C 1 9 


110.4 (2) 


/~\ A 1 T XTC 

04 — C17 — ^N5 


125.6 (2) 


04 — C17 — CI 6 


126.2 (2) 


N5 — C17 — C16 


1 AO /"^ \ 

108.2 (2) 


/~\^ y^ 1 O XT/1 

03 — CI 8 — N4 


127.9 (2) 


1 O XTC 

03 — C18 — ^N5 


125.9 (2) 


X T /I /" I 1 O X T ^ 

N4 — CI 8 — ^N5 


106.2 (2) 


C20 — CI 9 — C24 


118.2 (2) 


C20 — C19 — Clo 


1 1A T /"-^X 

120.3 (2) 


C24 — C19 — C16 


121.4 (2) 


C19 — C20 — C21 


120.7 (3) 


/"' 1 ("» /'I ^ /^\ TT'^A 

C19 — C20 — H20 


119.6 


1 /~*'^A TT'^A 

C21 — C20 — H20 


1 1 A 

119.6 


y^ y^ ^ "1 y^ ^ 

C22 — C21 — C20 


120.7 (3) 


C22 — C21 — H21 


119.6 


C20 — C21 — H21 


119.6 


C2 1 — C22 — C23 


1 1 A 1 

119.1 (3) 


C2 1 — C22 — H22 


120.4 


C23 — C22 — H22 


120.4 


A /~1'^'> /~1'**'** 

C24 — C23 — C22 


120.5 (3) 


C24 — C23 — H23 


119.7 


/"ITl /"l-^O T T-^ 1 

C22 — C23 — H23 


119.7 


yTT> /"I'l /I /"I 1 A 

C23 — C24 — C 1 9 


120.8 (3) 


C23 — C24 — H24 


1 1 A Z' 

119.6 


A ' l ("» y~<1 /I TT'l /I 

C 1 9 — C24 — H24 


119.6 


y^'^ /' /^^ ^ y^O /^ 

C26 — C25 — C30 


118.7 (3) 


C26 — C25 — CI 6 


120.8 (2) 


C30 — C25 — C 1 6 


1 '^A C 

120.5 (2) 


C25 — C26 — C27 


1 A C /T \ 

120.5 (3) 


C25 — C26 — H26 


119.8 


C27 — C26 — H26 


119.8 


C28— C27— C26 


120.4 (3) 


C28— C27— H27 


119.8 


C26— C27— H27 


119.8 


C27— C28— C29 


119.6 (3) 


C27— C28— H28 


120.2 


C29— C28— H28 


120.2 
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C13— C14— C15 120.7(3) 

C13— C14— H14 119.6 

C15— C14— H14 119.6 

CIO— C15— C14 120.5 (3) 

CIO— C15— H15 119.7 

C14— C15— H15 119.7 

C3— Nl— CI— C4 -128.7 (2) 

C3— Nl— CI— C2 -8.0(3) 

C3— Nl— CI— CIO 107.3 (2) 

N3— N2— C2— 01 -12.5 (4) 

C3— N2— C2— 01 177.1 (2) 

N3— N2— C2— CI 167.5 (2) 

C3— N2— C2— CI -2.9 (3) 

Nl— CI— C2— 01 -173.8 (2) 

C4— CI— C2— 01 -53.9 (3) 

CIO— CI— C2— Ol 68.9 (3) 

Nl— CI— C2— N2 6.2 (2) 

C4— CI— C2— N2 126.1 (2) 

CIO— CI— C2— N2 -111.1 (2) 

CI— Nl— C3— 02 -175.5 (3) 

CI— Nl— C3— N2 6.7 (3) 

C2— N2— C3— 02 180.0(3) 

N3— N2— C3— 02 9.1 (4) 

C2— N2— C3— Nl -2.1 (3) 

N3— N2— C3— Nl -173.0(2) 

Nl— CI— C4— C9 -21.0(3) 

C2— CI— C4— C9 -133.3 (2) 

CIO— CI— C4— C9 104.2 (3) 

Nl— CI— C4— C5 162.1 (2) 

C2— CI— C4— C5 49.7 (3) 

CIO— CI— C4— C5 -72.8 (3) 

C9— C4— C5— C6 0.4 (4) 

CI— C4— C5— C6 177.5 (2) 

C4— C5— C6— C7 -0.4 (4) 

C5— C6— C7— C8 -0.3 (4) 

C6— C7— C8— C9 1.0(4) 

C7— C8— C9— C4 -1.0(4) 

C5— C4— C9— C8 0.3 (4) 

CI— C4— C9— C8 -176.8 (2) 

Nl— CI— CIO— C15 -153.5 (2) 

C4— CI— CIO— C15 80.9 (3) 

C2— CI— CIO— C15 -44.2 (3) 

Nl— CI— CIO— Cll 28.9(3) 

C4— CI— CIO— CU -96.7(3) 

C2— CI— CIO— Cll 138.3 (2) 

C15— CIO— Cll— C12 0.9 (4) 

CI— CIO— Cll— C12 178.6(2) 

CIO— Cll— C12— C13 0.4(4) 



C28— C29— C30 120.0 (3) 

C28— C29— H29 120.0 

C30— C29— H29 120.0 

C29— C30— C25 120.7 (3) 

C29— C30— H30 119.6 

C25— C30— H30 119.6 

C 1 8— N4— C 1 6— C 17 3 .9 (3) 

C18— N4— C16— C25 121.4(2) 

C18— N4— C16— C19 -113.7(2) 

N6— N5— C 1 7—04 1 1 .6 (4) 

C 1 8— N5— C 1 7— 04 1 80.0 (2) 

N6— N5— C17— C16 -168.9 (2) 

C18— N5— C17— C16 -0.5 (3) 

N4— C16— C17— 04 177.7 (3) 

C25— C16— C17— 04 59.4(3) 

C 1 9— C 1 6— C 1 7—04 -63 .9 (3) 

N4— C16— C17— N5 -1-9(3) 

C25— C16— C17— N5 -120.2 (2) 

C19— C16— C17— N5 116.5(2) 

C16— N4— C18— 03 177.1 (3) 

C 1 6— N4— C 1 8— N5 -4.4 (3) 

C17— N5— C18— 03 -178.5 (3) 

N6— N5— C18— 03 -9.5 (4) 

C17— N5— C18— N4 2.9(3) 

N6— N5— C 1 8— N4 1 7 1 .9 (2) 

N4— C16— C19— C20 -25.0 (3) 

C17— C16— C19— C20 -135.4(2) 

C25— C16— C19— C20 100.9 (3) 

N4— C16— C19— C24 158.5 (2) 

C 1 7— C 1 6— C 1 9— C24 48 . 1 (3) 

C25— C16— C19— C24 -75.6 (3) 

C24— C 1 9— C20— C2 1 -0.1 (4) 

C16— C19— C20— C21 -176.8 (2) 

C19— C20— C21— C22 -0.1 (4) 

C20— C21— C22— C23 0.0 (4) 

C21— C22— C23— C24 0.3 (4) 

C22— C23— C24— C19 -0.5 (4) 

C20— C 1 9— C24— C23 0.4 (4) 

C16— C19— C24— C23 177.0 (2) 

N4— C16— C25— C26 -160.2 (2) 

C17— C16— C25— C26 -49.8 (3) 

C19— C16— C25— C26 73.9 (3) 

N4— C16— C25— C30 21.3 (3) 

C17— C16— C25— C30 131.6(3) 

C19— C16— C25— C30 -104.6 (3) 

C30— C25— C26— C27 -1-2(4) 

C16— C25— C26— C27 -179.8(2) 

C25— C26— C27— C28 -0.1 (4) 
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Cll— C12— C13— C14 


-1.0(4) 




C26— C27- 


-C28— C29 


0.9 (4) 


C12— CIS— C14— C15 


0.2 (4) 




C27— C28- 


-C29— C30 


-0.4 (4) 


Cll— CIO— C15— C14 


-1.6(4) 




C28— C29- 


-C30— C25 


-1.0(4) 


CI— CIO— C15— C14 


-179.3 (2) 




C26— C25— C30— C29 


1.8 (4) 


C13— C14— C15— CIO 


1.1 (4) 




C16— C25- 


-C30— C29 


-179.6 (2) 


Hydrogen-bond geometry (A, °) 


D—a-A 




D— H 




D-A 


D—a-A 


Nl— Hl-OP 




0.91 


1.92 


2.828 (3) 


111 


N3— H3^"03 




0.91 


2.11 


2.957 (3) 


154 


N4— H4-04" 




0.91 


1.91 


2.820 (3) 


176 


N6— H6^ -OS' 




0.91 


2.58 


3.320 (3) 


139 


N6— H65-02'" 




0.91 


2.46 


3.070 (3) 


124 


N6— H6fl- ••N3'" 




0.91 


2.52 


3.363 (3) 


154 


Symmetry codes: (i);«:,y+l,z; (ii)x,y-\,z; ( 


lii) -x+2, ->H-1, 


-z+l. 
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